Abstract: The purpose of the study was to evaluate the efficacy of an ophthalmic solution containing 0.1% fluorometholone (FML) and 0.1% sodium hyaluronate (HA) for the treatment of ocular dryness in Sjögren syndrome (SS) patients.
INTRODUCTION
A pproximately 11% of dry eye (DE) patients suffer from Sjögren syndrome (SS), a severe systemic autoimmune exocrinopathy that can cause blindness. 1 In SS, the lacrimal and salivary glands are affected by autoimmune processes, and approximately one-third of SS patients display extraglandular manifestations. 2 Previous studies have reported that the prevalence of SS in the general population ranges from 0.1% to 4.8%.
The ocular dryness in SS is the result of lacrimal hyposecretion, which is caused by the inflammatory mediators present in the lacrimal gland, tears, and conjunctiva. 3 Inflammation has been shown to be a major factor in the pathogenesis of DE, 4, 5 which is more severe in SS-DE patients, 6, 7 and typically topical anti-inflammatory medication has been used to treat SS-DE. A topical therapy for DE should aim to normalize the tear film through the routine use of artificial tears to protect the ocular surface and alleviate the discomfort caused by inflammation. 8 Topical drugs used to treat ocular surface inflammation include cyclosporin A (CsA), corticosteroids, and nonsteroidal anti-inflammatory drugs. Previous studies of the use of topical CsA for DE patients with and without SS showed that CsA was effective for improving DE symptoms and the tear film stability. [9] [10] [11] However, persistent burning after the application of ophthalmic solutions of CsA may reduce medication adherence. Topical corticosteroid therapies have been shown to improve the signs and symptoms of DE in clinical studies. [12] [13] [14] However, these studies selected DE patients with different etiologies and studies that have compared the efficacies of topical corticosteroid and CsA treatments in SS-DE patients in China are limited. In this study, we performed a randomized, open, parallel-group analysis of topical applications of 0.1% sodium hyaluronate (HA) combined with 0.1% fluorometholone (FML) or 0.5% CsA for the treatment of DE in Chinese patients with SS.
PATIENTS AND METHODS

Patients
Between January 2013 and September 2013, 40 patients were recruited from the Eye, Ear, Nose, and Throat (EENT) Hospital of Fudan University, Shanghai, China, for participation in the study. We included patients aged !18 years who were diagnosed with primary or secondary SS, according to the criteria of the American-European Consensus Group.
2 Diagnosis was based on a nonanesthetized Schirmer test result of 5 mm/min, a 1% fluorescein staining score of !3 out of 12, and the presence of at least one of the following autoantibodies in serum: antinuclear antibody, rheumatoid factor, anti-SS-A (Ro), or anti-SS-B (La). A diagnosis of DE required at least one of the following DE-related symptoms: dryness, foreign-body sensation, burning, asthenopia, redness, or discharge. Patients who had suffered an injury or infection to their eye had ocular inflammation unrelated to DE, had undergone ophthalmological surgery within the previous 6 months, had another uncontrolled illness, or were pregnant or lactating, were excluded from the study. Postmenopausal women receiving hormonal replacement therapy were also excluded. A total of 35 patients were included in our SS-DE study cohort.
Study Design
Our clinical trial used a randomized, open, parallel-group design (Figure 1 ). The study was registered with the ClinicalTrials.gov (Identifier: NCT02011776) on December 10, 2013, following the completion of the Chinese version of protocols. All ongoing and related trials have also been registered. Our study was conducted in compliance with the Declaration of Helsinki for research involving human participants and was approved by the Ethics Committee of the EENT Hospital of Fudan University. All of the participants provided written informed consent. The participants were randomly assigned to the FML or CsA group (n ¼ 20 each) at a 1:1 ratio using the permuted block method. The participants were instructed to abstain from the use of topical ophthalmic medications for at least 2 weeks before the start date of the study and those who met the inclusion criteria at the end of the 2-week washout were selected to complete the 8-week treatment. The CsA group was treated with an ophthalmic solution containing 0.5% CsA (EENT Hospital) twice daily in both the eyes; 0.5 mL CsA was added to 4.5 mL 0.9% NaCl solution to make up 5 mL of solution. There was 5 mg CsA in 1 mL of this solution without antiseptic substances. The FML group was treated with an ophthalmic solution containing 0.1% FML (Santen Pharmaceutical, Osaka, Japan) 4 times per day in both the eyes. Both groups were also treated with an ophthalmic solution containing 0.1% HA (Santen Pharmaceutical) 4 times per day in both the eyes. Follow-up examinations were performed at 14 AE 2, 28 AE 2, and 56 AE 2 days after the first treatment. All of the patients underwent subjective symptom evaluation; slit-lamp microscopy examinations, including tear film breakup time (TFBUT); fluorescein staining of the cornea; conjunctival congestion evaluation; the Schirmer test without anesthesia; and a cytological examination. Visual acuity, intraocular pressure (IOP), and the fundus were also evaluated at each follow-up examination. Safety was evaluated based on the incidence of adverse events in each treatment group. Throughout the study period, the patients were asked to abstain from the concomitant use of any other ophthalmic drugs, topical corticosteroids, or lacrimal plugs.
Fluorescence Staining
Differences between posttreatment and baseline corneal fluorescein staining (CFS) characteristics in each quarter of the corneal zone ( Figure 2 ) were scored on a 4-point scale according to Macri et al, 15 with slight modifications 16 as follows: 0 ¼ no staining, 1 ¼ <50% staining, 2 ¼ !50% staining, and 3 ¼ 100% staining.
Subjective Symptom Assessment
Subjective symptoms were assessed at each examination using the Ocular Surface Disease Index (OSDI), which consisted of the bothersome symptoms, visual function, and environmental trigger subscales. The subjective symptoms were scored on a 5-point scale, with a score of 0 indicating least severe and a score of 4 indicating the most severe symptoms. A derived index score of 100 was calculated for each evaluation based on the total number of questions answered, as previously described. 17 
Conjunctival Examinations
Specimens were obtained for impression cytology from the eyes of all the patients, before treatment and at weeks 4 and 8, to determine the density of conjunctival goblet cells that tested positive in the periodic acid-Schiff (PAS) test. In the PAS test, Pierce nitrocellulose membranes (Thermo Fisher, Waltham, MA) were cut into 6-mm strips and pressed against the nasal bulbar conjunctiva for 10 seconds. The cells adhering to the membrane were fixed using a solution containing 37% formaldehyde, glacial acetic acid, and 70% ethanol (1:1:20) , and were stained with PAS reagent. The number of PAS-positive conjunctival goblet cells present in 3 images of each specimen was recorded by 2 independent observers. The mean number of PAS-positive goblet cells/mm 2 was compared between the FML and the CsA groups. Conjunctival congestion was also evaluated at each visit based on a 5-point scale as follows: 0 ¼ absent, 1 ¼ minimal, 2 ¼ mild, 3 ¼ moderate, and 4 ¼ severe. 
Tear Assessment
At each examination, patients underwent a Schirmer test without topical anesthesia to evaluate tear production and tear film stability. Sterile strips of filter paper (Jingming, Tianjing, China) were placed in the lateral canthus, away from the cornea, for 5 minutes, and the length of the strip that was moistened by the absorbed tears was recorded to evaluate tear production. Tear film stability was assessed based on the TFBUT. A fluoresceinimpregnated strip (Jingming) made wet with saline solution without preservatives was placed in the lower conjunctival sac and the patient was asked to blink several times to ensure adequate mixing of the dye. The interval between the last complete blink and the appearance of the first black spot in the stained tear film on the cornea was defined as the TFBUT. The TFBUTwas measured 3 times, and the mean TFBUT score was calculated.
Statistical Analysis
All of the statistical procedures were performed using SPSS version 18.0 statistical software (IBM, Armonk, NY). Normally distributed data are expressed as the mean AE standard deviation. Intergroup differences at various time points were examined using a Wilcoxon rank-sum test. Intragroup differences were evaluated using mixed models. The study eye was defined as the eye with the lowest baseline fluorescein-staining score. If both eyes had identical fluorescein-staining scores, the right eye was selected as the study eye. The results of comparisons, with P < 0.05, were considered to represent a statistically significant difference.
RESULTS
Patient Characteristics
No significant differences in the baseline demographic and ocular characteristics were observed between the FML and the CsA groups (Table 1) . Nineteen patients in the FML group and 16 patients in the CsA group completed the follow-up assessments because 1 and 4 patients, respectively, were lost to the follow-up.
Corneal Fluorescein Staining
After 8 weeks of therapy, the mean CFS score in the FML group was reduced by 2.11 AE 1.56 (P < 0.001), compared with the baseline score, whereas the mean CFS score in the CsA group was reduced by 2.50 AE 1.71 (P < 0.001), compared with the baseline score (Figure 3 ). At week 2 (P ¼ 0.042), the mean CFS score was significantly lower than that of the CsA group, but no significant intergroup difference in the CFS score was observed at week 4 or 8, indicating that the beneficial effect of the FML treatment was manifested more quickly at the cornea, compared with that of the CsA treatment.
Subjective Symptoms Analysis
The mean OSDI score in the FML group decreased significantly across all of the time points, compared with the baseline value (P < 0.001 for all) (Figure 4) . However, the mean OSDI score in the FML group at week 4 did not differ significantly from that at week 8 (P ¼ 0.573). The mean OSDI score in the CsA group was significantly lower at week 2 compared with the baseline value (P ¼ 0.007). The mean OSDI score in the CsA group at week 8 was significantly lower that at week 4 (P < 0.001), whereas the mean OSDI score for the CsA group at week 2 did not differ significantly for that at week 4 (P ¼ 0.164). At week 4, the mean OSDI score in the FML group was significantly lower than the CsA group (P ¼ 0.042) (Figure 4) . However, no significant difference in the mean OSDI score was observed between the 2 groups at weeks 2 and 8 (P ¼ 0.116 and 0.456, respectively). 
Conjunctival Analyses
The cytology examinations revealed that a significantly higher number of PAS-positive cells were present in both the treatment groups at weeks 4 and 8, compared with the baseline values ( Figure 5A ). After 8 weeks of treatment, the conjunctival goblet cell density was also significantly higher in both the groups, increasing by 41.00 AE 37.79 cells/mm 2 in the FML group (P < 0.001) and 39.4 AE 34 cells/mm 2 in the CsA group (P < 0.001), compared with the baseline values ( Figure 5B ). However, no significant intergroup difference in conjunctival goblet cell density was observed at week 4 (P ¼ 0.653) or week 8 (P ¼ 0.934). The severity of conjunctival congestion was reduced in both the groups throughout the study period, compared with that at baseline ( Table 2) . Although no significant intergroup difference in the severity of conjunctival congestion was observed at weeks 2 and 8, the conjunctival congestion was significantly less severe in the FML group at week 4 (P ¼ 0.035), compared with that in the CsA group, indicating that the beneficial effect of the FML treatment was manifested more quickly at the conjunctiva than that of the CsA treatment.
Tear Analyses
No significant change in the mean Schirmer test score was observed in either group (data not shown). However, the mean TFBUT in both the groups was longer at week 8, compared with the baseline value for each group. In addition, at week 8, the mean TFBUT in the FML group was significantly longer than that in the CsA group (P ¼ 0.04) (Figure 6 ). 
Adverse Events and Tolerability
DISCUSSION
The significantly different values of fluorescence staining at week 2, OSDI and congestion at week 4, as well as TFBUT at week 8 showed that the beneficial effects of FML manifested faster than those of CsA. We propose that SS-DE patients should initially be treated with FML to rapidly control inflammation and that CsA should be used afterward as a consolidation therapy.
Topical corticosteroids have been successfully used to treat SS-DE, with patients reporting symptomatic relief months after treatment had been stopped. 18 The effect of corticosteroids is attributed to reduced levels of cytokines, such as interleukin (IL)-1 and IL-8, 19, 20 and the reduced activity of matrix metalloproteinases (MMPs). 21 CsA inhibits cytokine (primarily IL-6) production in T cells that exacerbates the inflammation associated with DE. 22, 23 However, CsA does not affect all of the inflammatory components of DE. 24 The Management and Therapy Subcommittee of the International Dry Eye Workshop 25 has made recommendations for treating DE based on a modification of the International Task Force (ITF) severity grading scheme. 26 Anti-inflammatory therapy is recommended when the severity of DE reaches level 2 or higher on the ITF scale. 25 Topical corticosteroids, which exert rapid and intense anti-inflammatory effects, are potentially beneficial for SS-DE treatments, which is consistent with the results of this study. We did not stratify our analysis based on sex because all of the 35 patients who completed the study were women. This finding reflects the sex-biased incidence of SS, which exhibits a femaleto-male ratio of 9:1 and mainly affects middle-aged women. 27 Studies of SS using fluorescein staining and impression cytology have shown that both basic and reflex tearing are diminished as a result of damage to the lacrimal gland caused by infiltrating lymphocytes, which is considered a clinical hallmark of SS-DE pathology. 6, 7 In this study, the fluorescein staining scores were significantly higher in the FML group at week 2 than that in the CsA group. The severity of conjunctival congestion was reduced in both the groups over the course of treatment relative to that in each group at baseline, indicating that inflammation was reduced at the ocular surface. However, the percentage of patients with obvious conjunctival congestion in the FML at week 4 was significantly lower than that in the CsA group. In addition, the FML group exhibited a faster improvement in subjective symptoms (Figure 4) . Although the total OSDI scores were significantly lower in both the groups at all of the time points, compared with the baseline values for each group, the mean OSDI score in the FML group at week 4 was significantly lower than that of the CsA group.
The release of inflammatory cytokines and the activation of MMPs can cause apoptosis in various types of surface epithelial cells, including corneal epithelial cells and conjunctival goblet cells. 28 Therefore, the diminished function of the corneal epithelial barrier and the loss of conjunctival goblet cells in SS-DE might be directly related to the effects of chronic inflammation. 29, 30 Although SS is an autoimmune exocrinopathy, previous studies have shown that local anti-inflammatory therapies significantly improved corneal epithelial barrier function and conjunctival goblet cell density, [31] [32] [33] [34] which is consistent with the findings in this study, as evidenced by the significantly higher number of PAS-positive conjunctival goblet cells in both the groups at weeks 4 and 8 ( Figure 5A and B). + Significantly different from the baseline value (FML group: P < 0.001 at weeks 2, 4, and 8; CsA group: P ¼ 0.007 at week 2, P < 0.001 at weeks 4 and 8).
Ã Significant intergroup difference (P ¼ 0.042 at
The mean Schirmer test scores did not change significantly in either group in our study. Long-term chronic inflammation of the lacrimal gland can cause impaired tear production and apoptosis of the acinar and ductal cells, 35 which leads to hypolacrimation, especially in SS-DE patients. Although other investigators noted that topical anti-inflammatory treatments including CsA and corticosteroids can increase the Schirmer score in patients with moderate-severe dry eyes, patients with SS in our study might have insufficient residual functional capacity in the lacrimal glands to increase their tear production in response to anti-inflammatory treatments. This hypothesis is reflected in the baseline Schirmer scores of 0 for both the eyes in 50% of the patients at initial presentation and baseline Schirmer scores of 0.74 in the FML and 1.25 in the CsA group (Table 1) . Furthermore, the studies from Jain et al 36 and Hyon et al 37 did not find evidence that anti-inflammatory treatments improved tear production in SS patients, which is in accordance with the findings in our study.
In this study, TFBUT increased in both the FML and the CsA groups compared with the baseline values, and the TFBUT in the FML group was significantly longer at week 8 than that of the CsA group. Our findings collectively indicate that although the efficacies of topical FML and CsA were approximately equivalent for the treatment of SS-DE at week 8, the FML treatment provided beneficial effects more rapidly than CsA treatment.
Systemic immunosuppressive or anti-inflammatory agents may affect clinical ocular parameters in SS. However, no serious or severe adverse events occurred in our SS-DE cohort and no clinically problematic changes were detected in clinical laboratory examinations. The inability to eliminate corticosteroid-induced ocular hypertension has restricted the use of topical corticosteroids in ophthalmic practice. No significant increase in IOP was observed during the 8-week treatment period in this study. Thus, the topical FML regimen used in our study demonstrated a high level of safety. Compared with methylprednisolone and dexamethasone, FML is a relatively weak corticosteroid; previous studies have shown that FML-related increases in IOP occur less frequently, compared to that observed with other corticosteroids. 38 Nevertheless, the longterm ophthalmic use of FML in SS-DE patients should be monitored closely to avoid ocular hypertension, cataract development, and opportunistic infections. Given these risks, we propose that SS-DE patients can be treated using topical corticosteroids to provide rapid improvement in symptoms during the first 4 weeks of treatment, followed by a topical CsA treatment to maintain clinical improvements with a lower risk of adverse events. The limitations of this study include the lack of an additional rose bengal or lissamine green conjunctival dying to the CFS, the small sample size, and the open-label design in which both the investigator and the patients were aware of the treatment. Future large, population-based studies of the efficacy of topical 0.1% FML for the treatment of SS-DE are warranted to confirm our findings.
CONCLUSIONS
Topical 0.1% FML is safe and efficacious for the ophthalmic treatment of SS-DE patients. Although treatments using ophthalmic solutions of 0.5% CsA or 0.1% FML provide comparable improvements in SS-DE-related symptoms during an 8-week period, the beneficial effects of topical FML are manifested significantly faster than those of CsA. 
